Abstract: The concentrations of free neutral carbohydrates and amino sugars were determined in freshwater samples of distinct matrix complexity, including meso-, eu-and dystrophic lakes and ponds, using high-performance ion-exclusion chromatography (HPIEC) coupled to mass spectrometry (MS). In contrast to other methods, our approach allowed the quantification of free neutral carbohydrates and amino sugars at low nM concentrations without derivatization, de-salting or pre-concentration. New sample preparation procedures were applied prior to injection employing syringe and hollow fiber filtration. Analytes were separated on a strong cation exchange resin under 100% aqueous conditions using 0.1% formic acid as a mobile phase. To minimize background noise in MS, analytes were detected in a multiple reaction monitoring scan mode with double ion filtering. Detection limits of carbohydrates and amino sugars ranged between 0.2 and 2nM at a signal-to-noise ratio >5. Error ranged between 1 and 12% at 0.5-500nM levels. Using a stable isotope dilution approach, both the utilization and recycling of glucose in Lake Zurich was observed. In contrast, N-acetyl-glucosamine was equally rapidly consumed but there was no visible de novo production. The simple and rapid sample preparation makes our protocol suitable for routine analyses of organic compounds in freshwater samples. Application of stable isotope tracers along with accurate measures of carbohydrate and amino sugar concentrations enables novel insights into the compound in situ dynamics. This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. carbohydrates and amino sugars ranged between 0.2 -2 nM at a signal-to-noise ratio >5.
applied prior to injection employing glass fiber and hollow fiber filtration. Analytes were 23 separated on a strong cation exchange resin under 100% aqueous conditions using 0.1% 24 formic acid as a mobile phase. To minimize background noise in MS, analytes were detected 25 in a multiple reaction monitoring scan mode with double ion filtering. Detection limits of 26 carbohydrates and amino sugars ranged between 0.2 -2 nM at a signal-to-noise ratio >5. 27 Error ranged between 1 -12 % at 0.5 -500 nM levels. Using a stable isotope dilution 28 approach, both, the utilization and recycling of glucose in Lake Zurich was observed. In 35 Dissolved organic matter (DOM) in freshwater ecosystems consists of a wide array of 36 compounds that are in parts linked to processes mediated by aquatic microbes [e.g., 1]. 37 DOM is a key nutrient and energy source for consumers, particularly for heterotrophic 38 bacteria [e.g., 2,3]. Major sources of DOM in freshwaters are autochthonous primary 39 production and the allochthonous input from the terrestrial environment [4] [5] [6] . 40 Carbohydrates and amino sugars often constitute a prominent fraction of the labile 41 DOM fraction in aquatic systems [e.g., 7, 8 ]. Yet the quantification of dissolved carbohydrates 42 and amino sugars is analytically challenging due to their typically low in situ concentrations 43 at nM levels [9] , the chirality at many carbon atoms and the existence of anomers resulting 44 in a large number of isomers. Diverse colorimetric and chromatographic approaches have 45 been used for the determination of environmental carbohydrates. However, the application 46 of colorimetric methods [10] [11] [12] has been limited by sensitivity, poor detection limits (~µM) 47 and by time-consuming derivatization steps. Similarly, chromatographic methods employing 48 borate complexes [13, 14] , reversed-phase chromatography with DNS and p-AMBA [15] 49 derivatives or gas chromatography with ester or acetyl derivatives [16, 17] all require difficult 50 sample preparation and their detection limits range between 100 nM to 20 µM. 51 To date, only high-performance anion-exchange chromatography with pulsed 52 amperometric detection [HPAEC-PAD, 18] allows the detection of carbohydrates and amino 53 sugars with sufficient sensitivity (2-10 nM) and without laborious derivatization procedures. 54 The HPAEC-PAD method has been employed for the quantification of neutral sugars [ 
Introduction

Sample collection and preparation
100
Water samples of 500 ml were collected from the large mesotrophic prealpine Lake given in Table 2 . RSD values were typically <5 % from 0.2 to 500 nM, as exemplified for Glc and GlcNAc (Fig.   259 2). For amino sugars, LOD often equaled the LOQ. However, significantly increased RSDs (20-260 40%) were observed for Glc concentrations below 1-2 nM (Fig. 2) . Thus, the effective LOQ 261 values for most identified carbohydrates ranged around 2 nM (Suppl. Table 2 ). concentrations of Glc and GlcNAc largely varied both spatially and temporally (Fig. 3) , the 272 compounds were detected in the vast majority of samples. Therefore, Glc and GlcNAc were M a n u s c r i p t 
Dynamics of Glc utilization and production in Lake Zurich
276
To test the applicability of the adopted isotope dilution approach, Glc utilization and 277 production rates were determined in 4 incubation experiments with unfiltered water 278 samples from Lake Zurich during the summer stratification and autumn overturn periods 279 (Table 3 ). The concentrations of 13 C-labeled Glc linearly decreased over time, as illustrated in with time, which was paralleled by the increase in Glc concentrations in the controls (Fig. 4) .
283
Similar temporal development of the 13 C-labeled and natural Glc pools were observed in the 284 other experiments (data not shown). Moreover, significant temporal changes in the ratios of 285 the 13 C-labeled and natural Glc resulted in pronounced changes in the total Glc pool size and 286 atom% excess 13 C values implying differences in Glc utilization and production rates (Fig. 4) .
287
The latter also pointed at rapid recycling of Glc. While Glc utilization or production rates did 288 not correlate with depth, temperature nor with chlorophyll a values, both rates were 289 significantly higher during summer stratification than in the autumn overturn period (paired 290 t-test, P < 0.01, n = 6). Unterrifferswilermoos (Fig. 5) . The carbohydrate composition in these habitats was similar to 296 that of Lake Zurich: While Glc, Man, Gal, Fru were also detected in eutrophic Hüttensee and M a n u s c r i p t 14 in the peat bog, an unidentified disaccharide was present in both habitats. in Lake Zurich at low nM concentration ranges.
365
From our incubation experiments with stable isotope tracers (Fig. 4) , utilization and 366 production rates of Glc could be simultaneously determined ( GlcNAc revealed a rapid utilization of this compound, whereas no measurable production of 380 GlcNAc could be detected (Suppl. Fig. 1 ). Thus, despite comparable utilization rates, Glc and
381
GlcNAc revealed distinctly different in situ dynamics. of dissolved low-molecular-weight compounds from terrestrial sources, ISME J. M a n u s c r i p t M a n u s c r i p t 
